Precipitation experiments were carried out using chemo-stat technique in order to determine the effect of humic acid on the precipitation rate and composition of magnesian calcite from seawater under laboratory conditions (25∞C, 1 atm). Results of our study clearly show that the presence of humic acid in seawater reduces the precipitation rate of magnesian calcite. However, MgCO 3 composition in magnesian calcite overgrowths is not influenced by the presence of up to 9.2 mg C/l of humic acid.
stat method that under laboratory conditions (25∞C, 1 atm), 8 ± 1 mol% MgCO 3 as magnesian calcite precipitates on pure calcite seeds from seawater. In order to explain the discrepancy in MgCO 3 contents between natural and laboratory occurrences, Morse and Mucci (1984) predicted that dissolved organic matter, particularly humic acid and/or bacteria could affect the chemical composition and precipitation rate of natural magnesian calcite.
In this paper we confirm the effect of humic acid on the precipitation of magnesian calcite from seawater under laboratory conditions (25∞C, 1 atm).
METHODS
Precipitation reactions were carried out on calcite seed (0.3-0.6 g; 0.67 m 2 /g) in Gulf Stream near-surface seawater (prepared 35 psu as salinity) at 25∞C and 1 atm. Concentrations of Ca 2+ and Mg 2+ in seawater were 10.3 mmol/kg and 52.8 mmol/kg determined by EGTA and EDTA titrations, respectively. During the experiment, seawater composition (pH and alkalinity) was kept constant by the use of chemo-stat technique (Mucci and Morse, 1983) . The Ca 2+ and Mg 2+ concentrations in the final solution were calculated from the amount added during the experiment, minus the amount precipitated as calcium carbonate. The calculated values agreed to within 2% compared to the initial seawater. The P CO2 of the precipitating solution was kept constant by bubbling the solution with a CO 2 -N 2 gas mixture (3110 ppm as CO 2 ). Humic acid was separated from Florida Bay sediment and
INTRODUCTION
The formation of sedimentary carbonate minerals is one of the most significant processes in aquatic environments. Because inorganic and organic substances interact with CaCO 3 during nucleation and crystal growth and affect the composition of CaCO 3 minerals, it is important to identify and quantify their role in CaCO 3 crystallization. Inhibition of CaCO 3 growth has been attributed to the presence of common inorganic ions such as magnesium (Berner, 1975; Reddy and Wang, 1980) and iron (III) (Takasaki et al., 1994) , and to dissolved organic matter (Chave and Suess, 1970) .
One of the most important marine carbonate minerals is magnesian calcite which forms from the incorporation of magnesium ions in CaCO 3 lattice during crystal formation. Literature data have shown different values on the amount of magnesium in magnesian calcite under laboratory and natural circumstances. Mucci (1987) summarized that MgCO 3 content of naturally-occurring magnesian calcite cements found in seawater was ~13 mol% MgCO 3 as average value. Morse and Mucci (1984) observed that magnesian calcite overgrowths on Iceland spar calcite crystals buried in Bahamian carbonate-rich sediments contained between 11 and 14 mol% MgCO 3 . Although the two studies above show good agreement, Mucci and Morse (1983) demonstrated by using chemo-tation experiments were carried out in seawater in the absence and presence of humic acid. The data on the absence of humic acid give a fitted line shown in Fig. 1 (logR = 3.3898log(W-1) -3.824, r 2 = 0.9406). In order to evaluate effects of humic acid presence on precipitation rate, reduced rates (R/Ro in Table 2 ) were calculated by dividing the rate of individual experiments by the rate expressed by the above equation for the fitted line ( Fig.  1) . A Ro value was calculated for each W value.
The R/Ro ratio (Table 1) decreased from 0.94 to 0.36 with increasing concentration of humic acid from 0.763 to 4.58 mg C/l. At the highest concentration of humic acid (9.16 mg C/l), the ratio showed 0.74 as a medium ratio compared with other three experiments. Previous literatures have used concentrations of humic acid that are lower than those used in the present study. Zuddas et al. (2003) used humic acid concentrations of 0.05, 0.5 and 1 mg/kg and pointed out that calcite precipitation rate decreased by one order of magnitude as a result of threefold increase in the humic acid concentration of the solution. Hoch et al. (2000) used DOM concentrations of 0.2, 0.5, 1.0, 2.0 and 5.0 mg/L and calcite precipitation rate was effectively reduced over 2.0 mg/l as DOM. We used humic acid concentrations of 0.763, 1.53, 4.58 and 9.16 mg C/l. Despite the differences in concentrations of humic acid used in the present study and those of Zuddas et al. (2003) and Hoch et al. (2000) , the inhibition of calcite growth as humic acid concentration is increased is evident in and common to these three studies.
Although these studies have shown that humic acids are effective crystal growth inhibitors, the chemistry of these substances may be quite variable in natural systems, in terms of properties such as molecular weight, functional group content and acidity. These properties of hu- was added into the glass reaction vessel (300 ml). Concentrations of humic acid used in the experimental runs are shown in Table 1 . A detailed description of chemostat technique was outlined by Mucci and Morse (1983) .
RESULTS
Precipitation rate of magnesian calcite was measured to evaluate the addition of humic acid into seawater. Experimental results are shown in Table 1 . Figure 1 shows the relationship between (W-1) and precipitation rate. The precipitation rate data were analyzed using a kinetic expression R = k(W calcite -1) n , where R is precipitation rate, k is rate constant, W calcite is saturation state of calcite, and n is reaction order (Mucci and Morse, 1983 (Morse and Mackenzie, 1990) . Percentage MgCO 3 of precipitated calcite was plotted against W values for the experiments in Fig. 2 . Table 1 and Fig. 1 show that precipitation rates of magnesian calcite overgrowths from seawater in the presence of humic acid are slightly lower than those from normal seawater. However, the Mg content incorporated in magnesian calcite overgrowth is independent of humic acid concentration in seawater.
DISCUSSION

Effect of humic acid on the precipitation rate of magnesian calcite
Precipitation rate data ( mic acids may provide clues on the inhibitory mechanism of humic acids on calcite growth. For example, inhibition of calcite growth may correlate well with aromaticity and molecular weight of organic acids (Hoch et al., 2000) . Moreover, a longer alkyl chain for fatty acids can lower their solubility in water and favor chemical interaction with the surface of calcite, thus inhibiting calcite growth (Zullig and Morse, 1988) . It is therefore important to examine the effect of well-characterized organic acids in inhibiting calcite growth in order to gain a clearer understanding of the mechanism of growth and inhibition by organic acids.
Mg content of magnesian calcite and thermodynamic effects
Calcite precipitated from seawater on pure calcite seeds is magnesian calcite, with 7 to 10 mol% MgCO 3 in the crystal, and SEM has proven that magnesian overgrowths occur as true overgrowths on the calcite seed particles (Berner, 1975) . Similar values of %MgCO 3 (7 to 9 %MgCO 3 ) in magnesian calcite were obtained by Mucci and Morse (1983) using chemo-stat method under laboratory conditions. However, analysis of naturallyoccurring magnesian calcite provided values of 11 to 14 mol% MgCO 3 (Morse and Mucci, 1984) . As well, our laboratory results do not agree with the higher %MgCO 3 content of natural magnesian calcite cements. This lack of agreement between laboratory observations and natural occurrence therefore needs to be resolved. Morse and Mucci (1984) suggested that humic acids in (pore water) seawater affect the composition of calcite crystals. Formation of complex with humic acids should be preferential to Mg over Ca, which is a possible mechanism for raising Mg/Ca ratios in the near-surface region (Morse and Mucci, 1984) . In view of this explanation, Mg content of the precipitated calcite should increase with a higher amount of humic acid in the solution. In the present study, average values of MgCO 3 were 9.01 mol% and 9.37 mol% in the absence and presence of humic acid, respectively. MgCO 3 composition in magnesian calcite overgrowths is not likely to be influenced by the presence of up to 9.2 mg C/l of humic acid as shown in Fig. 2 .
Other factors must therefore be accounted for in reconciling the higher %MgCO 3 in natural seawater compared to results of laboratory experiments. Berner (1975) has presented data that demonstrate the effect of Mg 2+ in seawater on the thermodynamic stability and rate of crystal growth of calcite, and it was predicted that the most stable calcite in seawater contains between 2 and 7 mol% MgCO 3 in the solid. Inhibition of calcite crystal growth by Mg 2+ ions in seawater is due to adsorption and subsequent incorporation of Mg into the calcite crystal structure to levels which result in thermodynamic destabilization and enhanced solubility (Berner, 1975) . Thermodynamic effects probably play an important role on the composition of magnesian calcite. The laboratory experimental conditions using the chemo-stat method may differ from those occurring magnesian calcite cements in warm shallow waters.
In summary, results of the present study confirm the inhibitory effect of the presence of humic acid in seawater on calcite growth. The mol% MgCO 3 composition of magnesian calcite formed is independent of the amount of humic acid up to 9.2 mg C/l. Higher mol% MgCO 3 values of magnesian calcite in natural carbonates compared to laboratory studies are possibly controlled by other factors.
